6 film or polyester fibers have been formed by sorptiondiffusion [29, 30] , the purpose of the present work was to investigate their morphology, chemical, and phase compositions.
Experimental procedure
Samples of silicone coated polyamide plane weave fabric (20´15´0.44 mm, warp density 19 cm -1 , weft density 14 cm -1 , surface density 310 g m -2 ) were used. The silicone decreases water permeability.
Potassium selenotrithionate (K 2 SeS 2 O 6 ) is stable and easily prepared. It was prepared and analyzed (~99%) by the Ratkhe method [31] and stored in darkness at -5 o C. Its solutions in hydrochloric acid were used to treat the fabric.
The Ag(I) solution was made from crystalline AgNO 3 . Distilled water, and reagent grades "especially pure", "chemically pure" and "analytically pure" were used.
The fabric sample was continuously stirred for 2 h in 0.05 M K 2 SeS 2 O 6 in 0.1 M HCl thermostated at 60°C, removed, rinsed with distilled water, and dried over CaCl 2 . The seleniumized sample was then treated with 0.4 M AgNO 3 at 80 o C for 10 min, rinsed with distilled water and dried over anhydrous CaCl 2 .
XRD was performed using a DRON-6 diffractometer provided with a special device for beam limitation at low and medium diffraction angles, using graphitemonochromatized Cu-Kα radiation (λ = 1.54178 Å) at 30 kV and 30 mA. Diffraction patterns were recorded every 0.05° from 2θ = 25° to 70°. They were analyzed using the programs "Search Match", "ConvX", "Xfit" and "Microsoft Office Excel".
The morphology was examined using a Quanta 200 FEG (FEI, Netherlands) SEM equipped with the XFlash 4030 EDS detector.
Results and discussion
According our previous study [32] 
XRD measurements
X-ray diffraction gives more accurate identification of silver selenides but structural studies are limited by polycrystallinity, the presence of silver selenide phases with various compositions and structures, and by the crystallinity of the polyamide fabric itself. For 2q < 25° the peaks due to the fabric are several times larger than those of the silver selenide. Thus 2q ≥ 25.0° was investigated. Fig. 1 
Elemental Se remains in the fabric after sulfur containing species have been washed out.
Scanning Electron Microscopy (SEM) studies
SEM images show that the macrostructure was not changed by silver selenide treatment. The yarn and silicone layer microstructures were also unaffected.
Comparison of SEM images before (Figs. 2a, 2b, 2c) and after ( Fig. 2d ) treatment showed silver selenide crystal agglomerates both on the microfilament surfaces as well as inside the silicone layer pores.
As can be seen from Fig. 2d , the silver selenide crystal particles have a wide range of sizes -from 100 nm to beyond 20 mm. 
Compositional studies
EDX confirmed the presence of silver selenide and elemental selenium in the fabric. Maps of silver and selenium on the yarn surface and inside the silicone layer are presented in Fig. 3 . The appearance of red (Ag; 3a, 3d), bluish (Se; 3c, 3f) and their overlap (Ag and Se; 3b, 3e) on the surface and inside the pores indicates the formation of silver selenide.
EDX quantitative analysis was perfomed on crosssections at two different points: on the yarn surface (Fig. 4a) and inside the silicone coating pores (Fig. 4b) . The molar ratio of Ag:Se in Ag 2 Se is 2:1. In the fiber cross section the average atomic percentages of Ag and Se were 1.4 and 0.8 (Fig. 4a) giving a molar ratio 1.75:1. A ratio less than two indicates that part of the Inside the silicone pores the average atomic Ag and Se percentages were 1.8 and 0.5 (Fig. 4b) corresponding to a 3.6:1 molar ratio, showing that part of the silver is in another form. AgNO 3 remaining on the fabric surface hydrolyzed during washing according to Eq. 3:
Silver hydroxide remains on the surface while nitric acid washes out. During drying the silver hydroxide decomposes to silver(I) oxide according to Eq. 4: Figure 3 . EDX mapping of the yarn surface (3a, 3b, 3c) and inside the coating layer (3d, 3e, 3f): 3a, 3d -silver; 3b, 3e -silver and selenium; 3c, 3f -selenium. 
Conclusions
Using potassium selenotrithionate the sorption-diffusion method forms silver selenide particles on silicone coated polyamide fabric. XRD showed orthorhombic naumannite (Ag 2 Se) and monoclinic selenium (Se 8 ) on the surface. SEM showed that silver selenide crystal agglomerates were formed not only on the yarn surface but also inside the coating pores. The average Ag:Se atomic ratio determined by EDX is close to that in silver selenide. The higher molar ratio on the fabric surface was due to formation of a small amount of silver(I) oxide. 67, 878 (1990) 
